, Forest's model for augmentation of leading edge heat transfer due to freestream turbulence (Forest, 1977) , and Crawford's model for augmentation of eddy viscosity due to film cooling (Crawford et al., 1980) (1971) .
While several further studies in this field have been summarized by Garg and Gaugler (1993 , 1994 , 1995 , we will discuss some relevant ones here from the point of view of the present study. (Camci and Arts, 1990) , and for the ACE rotor with three rows of holes (Norton et al., 1990) , is provided.
ANALYSIS
The three-dimensional Navier-Stokes code of Amone et al.
(1991) for the analysis of turbomachinery flows was modified by Garg and Gaugler (1994) 
where the mixing length, _, is defined as = min(ky, 0.0_ a)
While scveraiways tocalculate the boundary layerthicknesswere triedfollowing Davis et ai.(1988) , itwas found that the best method was to relateit to the momentum thickness whose calculation isdescribedlateron. The coefficient C__isfound from
The momentum thickness is calculated using Thwaites' method, as given by White (1974) . According to this, the momentum thickness at a location sI along the blade surface is given by
The origin in this calculation is taken as the geometric stagnation point.
The above calculation of eM due to free-stream turbulence was carried out only when the flow was laminar. Otherwise, the analysis would give siguificanfly increased heat transfer for fully turbulent flow (Boyle, 1991) . For the cases analyzed here, it implies that Forest's model is used only for the ACE rotor since for both the VKI rotor and the C3X vane, the flow is turbulent at the leading edge itself due to the shower-head injection. 
Crawford's Model

BLADES AND EXPERIMENTAL DETAILS
The experimentaldata on theC3X vane has been provided by Hylton etal. (1988) . Figure I shows the C3X vane with the film cooling hole details.The testvane was internally cooled by an array of ten radialcooling holes (not shown in Fig. l The experimental data on the VKI rotor has been provided by Camci and Arts (1990) , using the short-duration VKI lsentropic
Compression
Tube facility. Figure  2 shows the VKI rotor geometry along with cooling hole details. Three staggered rows of cylindrical cooling holes (d = 0.8 mm; s/c = -0.0285, 0, 0.0285) were located around theleading edge. The row and hole spacings were respectively 2.28 and 2.48 mm. These holes were spanwise angled at 30" from the tangential direction and drilled in a plane perpendicular to the blade surface. Two staggered rows of conical holes (d = 0.8 ram; s/c = 0.206, 0.237) were located on the suction side.
The row and hole spacings were respectively 2.48 and 2.64 ram. These holes were inclined at 37" and 43" with respect to the local blade surface and drilled in a plane perpendicular to the span. One row of conical holes (d = 0.8 mm;
s/c = -0.315) was located along the pressure side. Camci and Arts (1990) . technique is similar to that used by Camci and Arts (1990) . More details are available in Norton et al. (1990) .
COMPUTATIONAL DETAILS
For all the blades, the computational span, shown in Fig. 4 
RESULTS AND DISCUSSION
Three experimental cases for the C3X vane, three for the VKI rotor and two for the ACE rotor were analyzed for comparison.
The values of various parameters for these cases are given in shown is for V,, = 2.449 = twice the maximum velocity for the 1/7th power law profile, and V_ = 0. It was found, however, that results for the heat transfer coefficient corresponding to the polynomial profile did not change more than -5% for -0.4 < V_ < 0.4.
We now present results for the three blades separately. Figure   6 shows the non-uniform experimentally determined temperature on the C3X vane surface for the three cases. Fig. 1) 44135 (Fig. 7) , about ± 20% for the case 44155 (Fig. 8) , and about 35% for the case 44355 ( Fig. 9) .
Also, the 1/Tth power law profile results seem to match better with the experimental data than the polynomial profile results for all the cases. it is estimated to be as high as 10-15% (Camci and Arts, 1990) .
Due to normalization with respect to h_, however, each experimental data point represents two measurements, one for the cooled and another for the uncooled blade.
The same is true for the computations as well, and may be the reason for the relatively good comparison with the experimental data for the VKI rotor in contrast to that for the C3X vane in Figs. 7-9. We may also point out that the suction and pressure surface holes on the VKI rotor are conical while the shower-head holes on the VKI rotor as well as all holes on the C3X vane are cylindrical. This may account for the relatively smaller effect of coolant velocity and temperature distribution at the hole exit on the heat transfer coefficient at the VKI rotor surface in contrast to that for the C3X vane.
We now turn to the discussion of results for the ACE rotor. Figure  13 shows the non-uniform experimentally determined temperature on the ACE rotor surface for the two cases analyzed.
These temperature values were specified as the boundary condition for the blade surface temperature in the code as well. Fig. 15 . Norton et al. (1990) could not get such a good comparison on the pressure surface; their prediction is similar to ours for the 1/Tth power law profile. Figure 16 shows the effect of Crawford's model on the heat transfer coefficient at the ACE rotor surface for the case 6109.
The results in Fig. 16 (Forest, 1977) , and Crawford's model foraugmentation ofeddy viscosity due tofilm cooling (Crawford etal.,1980) 
